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1 . I, Guillermo Mor, M.D., Ph.D., am a physician with extensive training and experience in 
the fields of reproductive immunology and obstetrics and gynecology, including fundamental 
analysis and therapeutic applications; immunological mechanisms active in pregnancy; and 
reproductive disorders including preeclampsia and cancer. A copy of my Curriculum Vitae is 
attached as Exhibit A. 



2. I am head of the Reproductive Immunology Unit in the Department of Obstetrics, 
Gynecology, and Reproductive Sciences at Yale Medical School, New Haven, Connecticut. I 
receive salary from the Yale Medical School. My research funding is derived from U.S. 
government grants and industry contracts. 
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3. I have read the above-identified patent application, the pending claims, and the Office 
Action dated July 20, 2007. 

4. As indicated at pages 2 - 4 of the Office Action, the Examiner rejected claims 2, 3, 25, 
and 26 as obvious over Neale, et al. [Meeting abstract Am J. Obs & Gyn 2001;185(6-sl) page 
S83, 22"^ Annual Meeting of the Society for Matemal-Fetal Medicine]. The Examiner concludes 
(page 3) that Neale et al renders obvious Applicant's claimed invention because Neale et al. 
"suggest that their assay may be the first steps in the development of a screen test for patients at 
high risk for preeclampsia." Further, the Examiner states it "would have been obvious to one of 
ordinary skill in the art at the time the invention was made to modify the method of Neale by 
testing pregnant woman (sic) to see if they are at risk of developing preeclampsia because the 
method compares trophoblast sensitivity to Fas mediated apoptosis between serum fi-om normal 
pregnancies and preeclampsia" and "one would have been motivated to make the modification 
because Neale suggest in the title that trophoblast viability can be used as a predictor of 
preeclampsia." The Examiner concludes that the "invention as a whole was prima facie obvious 
to one of ordinary skill in the art at the time the invention was made, as evidenced by the 
reference, especially in the absence of evidence to the contrary." 

5. I am providing information in support of the conclusion that the claimed invention would 
not have been obvious to one of ordinary skill in the art at the time the invention was made based 
on the disclosure of the Neale et al. abstract, of which I am an author. I was well aware of the 
state of the art in preeclampsia diagnostics at the time of publication of the abstract and at the 
priority date of the above-referenced application. The knowledge in the art at the time of filing 
was such that one of ordinary skill would not have been motivated to use the claimed screening 
method to test non-preeclamptic pregnant women as early as the first trimester of pregnancy to 
predict whether or not the women would develop preeclampsia later in pregnancy. In addition. 
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due to the level of understanding of markers for preeclampsia at the time of filing, there would 
have been no reasonable expectation of success in adapting the teaching of the Neale et aL 
abstract to make an assay for use as early as the first trimester of pregnancy to predict of risk of 
preeclampsia. 

The ability to use an assay to diagnose preeclampsia in a woman is very different than the 
ability to use the assay to predict as early as the first trimester of pregnancy whether or not a 
woman is at risk for eventually developing the disorder. There is no basis to conclude that one 
of ordinary skill in the art at the time of the publication of the Neale et al. abstract would have 
predicted that a serum component present in women in the third trimester of pregnancy and 
known to have preeclampsia would also be present as early as the first trimester of pregnancy 
and could be used as a marker to predict risk of later preeclampsia. At the time we developed an 
assay that could be used to indicate the risk of later preeclampsia as early as the first trimester of 
pregnancy, it was totally unexpected that the assay could be effective at such an early stage of 
pregnancy, well in advance of any clinical indication of the disorder. 

6. Further evidence of the unexpected nature of the assay to predict the later development of 
preeclampsia can be seen in the responses of scientific journal editors to manuscripts I submitted 
describing my discovery of an assay that could be utilized as early as the first trimester of 
pregnancy to predict a woman's risk of developing preeclampsia. The uniformly negative 
responses received from well-respected journals, including Human Reproduction, Journal of 
Immunology, and Journal of Obstetrics and Gynecology, support a conclusion that the claimed 
invention was not obvious at the time of filing. Prior to and coincident to the time of filing, I 
submitted to various joumals manuscripts describing a trophoblast assay as a predictor of risk of 
later development of preeclampsia. The editors of each joumal expressed disbelief that 
preeclampsia would initiate detectable changes several months in advance of the onset of clinical 
symptoms. The editors indicated their belief that preeclampsia had an acute onset and that risk 
of preeclampsia was not an identifiable phenomena at such an early time in pregnancy. The 
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responses of the editors to my method demonstrates that at the time of filing even the suggestion 
that the risk of developing preeclampsia could be detected months in advance of the onset of 
preeclamptic clinical symptoms, was not accepted by those knowledgeable in the art. 

7. At the time of filing, it was well known to those in the field of diagnostics that in many 
instances, a marker that is characteristic of a disorder is not useful for predicting risk of 
developing the same disorder. For example, various markers for preeclampsia had been 
identified in serum of women known to be preeclamptic. However, none of these markers are 
useful as early as the first trimester of pregnancy to predict the risk of development of 
preeclampsia. Examples of markers for preeclampsia include VEGF, TGFp, and endoglin, each 
of which may be useful for detecting existing preeclampsia in a pregnancy and for predicting 
preeclampsia shortly before clinical onset of the disorder. However, none of these markers is 
predictive of risk of preeclampsia when assayed as early as the first trimester of pregnancy. 
VEGF and TGFp have been shown to be elevated in preeclampsia, but their levels only increase 
during the mid-second to third trimester of pregnancy. Similarly, Endoglin has been recognized 
as a marker for diagnosis of preeclampsia, but its level only increases after 17 to 20 weeks of 
pregnancy - well beyond the first trimester. 

Additional compounds that are elevated in preeclampsia are not suitable as predictive 
markers because they are only elevated once clinical preeclampsia is present. An article by 
PoUiotti, B. M. et al, in Obstetrics & Gynecology 2003 Vol. 101 (6): 1266-1274, (copy enclosed 
as Exhibit B) describes a study in which components in serum fi"om women diagnosed in the 
third trimester with preeclampsia were assessed in serum that had been obtained from the same 
women during the second trimester of their pregnancies, which was prior to the onset of clinical 
symptoms of preeclampsia. Some of the components, such as circulating vascular endothelial 
growth factor and placental growth factor were identified as useful for assessing risk of 
preeclampsia, but their usefulness was limited to the second trimester. Other serum components 
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including endothelin-1, hCG and granulocyte colony stimulating factor were not useful in 
predicting development of preeclampsia. 

8. In addition to serum components known to be indicative of preeclampsia, at the time of 
filing numerous serum components were known to be present in women with preeclampsia, but 
were also knovra to not be useful for predicting a risk of preeclampsia in a pregnant woman. 
Examples of such compounds include IL-10, IL-4, activin A, HGC, progesterone, estrogen, 
among others. These serum components have been identified in serum of preeclamptic patients, 
but they cannot be used to assess risk of future development of preeclampsia in a pregnant 
woman. At the time of the publication of the Neale et al. abstract, we had identified a 
characteristic of serum of preeclamptic women that was associated with the existence of the 
preeclampsia. The identification of such a serum characteristic in preeclampsia does not suggest 
that the characteristic is in any way predictive of risk of later development of preeclampsia in 
non-preeclamptic women. 

9. The existence of a number of markers for preeclampsia that are not useful to predict risk 
of preeclampsia, and the widely held belief in the art that the first trimester was too far removed 
from the clinical onset of preeclampsia to permit prediction of risk of development of 
preeclampsia, support a conclusion that one of ordinary skill in the art would have no reasonable 
expectation of success in modifying the diagnostic assay disclosed in Neale et al. and would have 
had no motivation to make the predictive assay of the invention. From the state of the diagnostic 
arts at the time of filing it is reasonable to conclude that serum components identified as present 
in preeclamptic women would not have been expected to be useful as predictors of risk of 
preeclampsia as early as the first trimester of pregnancy. Therefore, the invention as claimed 
would not have been obvious based on the Neale et al. abstract. 

10. I declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true, and further, that these 
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statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under §1001 of title 18 of the United States Code, 
and that such willful false statements may jeopardize the validity of the above application and 
any patent or application related thereto. 




Guillermo Mor, M.D., Ph.D. 

^December 19, 2007_ 

Date 
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Gil G. Mor, Ph.D. 

Associate Professor, Yale University School of Medicine 
Director Reproductive Immunology Unit 

Director, Translational Research in Gjmecologic Oncology: Discovery To Cure: 

Ovarian Cancer Detection and Treatment Program 

Dept of Obstetrics, Gynecology & Reproductive Sciences 

Yale-New Haven Hospital 

333 Cedar Street, FMB 302 

New Haven, CT 06520-8063 

Tel: (203) 785-6294 

Fax: (203) 785-4883 

gil.mor@vale.edu 



Research 

Major research interest 

Regulation of apoptosis in normal tissue remodeling and cancer of the female reproductive tract 



A thin line separates normal from neoplastic development. A delicate balance between cell growth and 
cell apoptosis maintains this homeostatic state. Once that line is breached the same genes protecting 
the organism from cancer may become involved in its genesis. The genes encoding Fas and FasL, 
which normally regulate homeostasis yet have the potential to foster malignant growth, exemplify this 
tenuous balance. The main objective of our studies is to further understand the fimction and regulation 
of the genes involved in tissue homeostasis and tumor suppression. We give especial relevance to the 
role of immune cells as key regulators of tissue homeostasis. 

Our studies will provide valuable information related to the biology and development of the normal 
reproductive tissues. It is important to remember that only with a solid foundation of the normal 
physiology can we take the first steps towards understanding cancer, allowing us to develop new 
strategies for its treatment and prevention. 

Research interests 

Sex Hormones and the Immune system 

• Changes in the immune response during menopause 
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• The effect of Hormone Replacement Therapy in the immune system 

• Characterization of estrogen receptors (ER) in cells of the immune system 

• The role of estrogen receptors a and p in cell proliferation and apoptosis 

We have developed an in vitro system to test the effect SERMs on cell growth and apoptosis 
according to the ER subtype. 

Immunology of Gynecologic tumors 

• Apoptosis and cancer 

• Hormonal and growth factor regulation of the Fas/FasL system in gynecologic tumors 

• Markers for early detection and tumor response in ovarian cancer 

• Inflammation and tumor formation 

Immunology of Implantation 

• Cellular mechanisms mediating the interaction between trophoblast and immune cells 

• The role of macrophages in pregnancy 

*• Innate immunity and pregnancy: expression and role of Toll-like receptors (TLR) in 
trophoblast cells 



Apoptosis and Cancer: basic mechanisms and new therapeutic opportunities" 

Epithelial ovarian cancer (EOC) is the fourth leading cause of cancer-related death in women in the 
United States and the leading cause of gynecologic cancer death. The major limitations in the treatment of 
ovarian cancer are: i) the lack of an early detection tumor marker, and ii) the resistance to chemotherapeutic 
agents. This proposal is based on the hypothesis that induction of apoptosis in target cells is a key mechanism 
of action for most anti -tumor therapies and that defects in apoptosis can lead to chemoresistance. Therefore, 
we propose that therapeutic modulation of the factor(s) blocking apoptosis may represent a specific approach 
for cancer therapy. Using an in vitro model system, we have identified intracellular factors acting as blockers 
of apoptosis that confer resistance to conventional chemotherapeutic agents including carboplatin, paclitaxel 
and taxotere. We also have demonstrated that the isoflavone derivative, PhenoxodioU effectively removes 
these blockers of apoptosis, inducing cell death in chemoresistant EOC cells, in vivo and in vitro. In Phase I 
and Phase n clinical studies we have shown that Phenoxodiol exhibits little patient cytotoxicity, yet induces 
cytotoxic effects in chemoresistant EOC cells. It is our hypothesis that Phenoxodiol, by regulating the 
components of the apoptotic pathway, acts as a chemosensitizer and renders chemoresistant EOC cells 
chemosensitive. We also hypothesize that specific biochemical products of the apoptotic process may be 
markers for monitoring early response to therapeutic treatments while the tumor-specific antibodies may be 
markers for late-stage or durable therapeutic response. 

"Ovarian Cancer Translational Research laboratory" 

The major limitations in the treatment of ovarian cancer are: i) the lack of an early detection tumor marker, and 
ii) the resistance to chemotherapeutic agents. Presently there is no commercially available test that is 
diagnostic for either early or advanced stage epithelial ovarian cancer. The most commonly used test CA125 
identifies a group of cell surface glycoproteins which have uncertain biological behavior and very limited 
clinical utility for the detection of early stage disease (less than 47% accuracy). 
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Chemotherapy in the treatment of cancer was introduced into the clinical practice more than fifty years ago. 
Although this form of therapy has been successful for the treatment of some forms of cancer, it has not been the 
case for the majority of epithelial cancers of the breast, colon, lung and ovary. In addition, the collateral 
damage to normal cells, systemic toxicity due to lack of specificity, rapid drug metabolism and acquired drug 
resistance are important clinical problems that have not been solved. 

The objective of the translational research program is to approach these two main areas by: 

1) Developing new markers for early detection 

2) Developing markers that can predict chemoresponse 

3) Characterizing new therapeutic strategies for ovarian cancer 

Ovarian Cancer Tissue Bank (OCTB) 

The Ovarian Cancer Tissue Bank is located at the Department of Obstetrics and Gynecology and contains 
approximately 400 tissue samples of the primary and metastatic ovarian cancers as well as tissue samples fi'om 
normal ovaries, hi addition, as part of the NCI Ovarian Cancer Detection Program, the facility has in storage 
ascites and serum samples fi'om patients with ovarian cancer and normal age matched controls. 
An important component of the Tissue Bank is its panel of ovarian cancer cells (n=36) isolated fi^om ascites 
and 10 immortalized normal Ovarian Surface Epithelial cells (OSE). One PhD and two technicians are in 
charge of the maintenance and organization of the facility. The panel is regularly used for the screening of new 
compounds that may have cytotoxic effects on ovarian cancer. 

"Immunology of Implantation'' 

Important reproductive events including implantation, trophoblast invasion, placental development and 
immune protection are regulated by the immune system at the matemal-fetal interface. This matemal-fetal 
immune interaction is complex and it is difficult to perceive the whole process based on one mechanism of 
action. Clearly there are multiple mechanisms for the induction of peripheral and local tolerance during 
pregnancy that prevent fetal rejection while maintaining a strong and active immune surveillance against viral 
or bacterial infections, which may endanger the successfiil outcome and the survival of the species. Our 
studies evaluate the interaction between trophoblast cells and maternal immune cells. 

Specifically we study: 

1) The role of the Fas/FasL system in immune protection and survival of trophoblast cells 

2) The role of innate immune cells, macrophages and dendritic cells, on tissue remodeling and induction of 
tolerance during implantation 

3) The role of trophoblast cells as component of the innate inraiune system and the recognition of pathogens 
through the expression of Toll-like receptors 

4) Mechanism of action of sex hormones as regulators of immune responses 
Reproductive Immunology Tissue Bank (RITB) 

In addition the laboratory has a tissue bank consisting on normal and pathologic placenta samples, blood 
samples firom normal pregnancies and complication of pregnancies. The unit has also developed several first 
trimester trophoblast cell lines, decidual, and endothelial cell lines. 
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GILMOR M.D.,Ph.D. 

Department of Obstetrics and Gynecology 

Yale University School of Medicine 
333 Cedar Street, New Haven CT 06520 
(2a3)-785-6294 
Gil.Mor@Yale.Edu 



PERSONAL DATA 

Date of birth: December 23, 1960. 

Citizenship: Israeli, USA. 

Languages: English, Hebrew, and Spanish. 

Social Security #: 216-39-5079 

Web Page: http://info.med.vale.edu/obgvn/reproimmuno/ 



EDUCATION: 



M.D., Hebrew University, Medical School, Jerusalem Israel. 

M.Sc., Neiuroendocrinology, Neurology Department, Hadassah Hospital, 

Hebrew University, Jerusalem, Israel. 

Ph.D., Immimoendocrinology, Hormone Research Department, Weizmann 
Institute of Science. Rehovot, Israel, 



TRAINING 



1 994- 1 996 Postdoctoral fellow. Laboratory of Immunobiology, Center for Biologies 

Evaluation and Research, FDA, National Institutes of Health, Bethesda, 
MD. 

1988-1 993 Ph.D. thesis research in the laboratory of Prof. Fortune Kohen, Department 

of Hormone Research, The Weizmann Institute of Science, Rehovot, 
Israel. 



1987 
1988 

1993 
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1991 Fellowship Reproductive Endocrinology, Max-Planck 

Institut fur Experimentally Endocrinologie. Hanover, Germany. 

1 990- 1 993 Clinical training in Reproductive Endocrinology, Department 

of Obstetrics and Gynecology, Kaplan Hospital, Rehovot, Israel. 

1986-1988 M.Se. thesis research in the laboratory of Prof. Shaul Feldman, Neurology 

Department, Hadassah Hospital, Hebrew University, Jerusalem, Israel. 



ACADEMIC APPOINTMENTS 



2008- 

2003- 2007 

2004- present 



1998-2002 

1997-present 
1997-1998 



Professor Department of Obstetrics and Gynecology, 

Yale University School of Medicine, New Haven, CT 

Associate Professor Department of Obstetrics and Gynecology, 

Yale University School of Medicine, New Haven, CT 

Director, Translational Research in Gynecologic Oncology: Discovery To 

Cure: Ovarian Cancer detection and treatment Program. Department of 

Obstetrics and Gynecology Yale University/ Yale Cancer Center 

Assistant Professor, Department of Obstetrics and Gynecology, 

Yale University School of Medicine, New Haven, CT. 

Adjunct Lecturer, University of New Haven, New Haven, CT. 

Associate Research Scientist, Department of Obstetrics and Gynecology, 

Yale University School of Medicine, New Haven, CT. 



TEACHING EXPERIENCE 



2005- Cell Biology. Graduate level, yearly semester course. Lecture-discussion, 25 

students. 3 h/week class time 10 weeks. 
2004 Reproductive Immimology Graduate and Medical students. Lectures ; classes 

time 4 weeks 2h/week 
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2004 Conference: Topics on cancer therapeutics. Pharmacology Department 

2003 Seminar Apoptosis and cancer. Undergraduate students. Four weeks 1 
hour/week. 

2002-present: Immunology Graduate level, yearly semester course. Lectxures, 22-28 students, 
3-h/week classes time 10 weeks. 

2001 -present: Developmental Biology Graduate level, yearly semester course. Lecture- 
discussion, 15 students. 3 h/week class time 10 weeks. 

2001 -present: Endocrinology Graduate level, semester course every two years. Lecture- 

discussion, 15 students. 3 h/week class time 10 weeks. 

1999-present: .Undergraduate level. Lecturer on Reproductive Immunology. Course: Human 
Reproduction. 

1997-1998 Instructor. School of Health Sciences, San Francisco's University; Quito, 
Ecuador. Medical Biology. 

Courses and Educational Material 

2004- Reproductive Immunology Course. Course Director 

2004 Course pack on Reproductive Immunology for Medical Students and Residents. Gil Mor 
Editor. Landes Bioscience 



MENTORSHIP 



Donna Neale: 
Donna Neale: 
Shawn Chavez: 
David O'Malley: 
Michael Kelly: 
Shawn Chavez: 
Aliza Leiser: 
Aliza Leiser:: 



SMFM/AAOGF Scholarship Award 2004 

NIH, LRP 2002-2004 

PEO Foundation Scholarship Award 2005 

Research Award from the Gynecologic Cancer Foundation 2004 

NIH, LRP 2005 

John Spangler Nicholas Dissertation Award 2006 

Program of Excellence Award Grant, Ovarian Cancer Research Fund 2007 

NIH, LRP 2007-2008 
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ACADEMIC AWARDS: 



Professional Honors or Recognition 
A) National 



2007: J. Christian Herr Award-Society for Reproductive Immunology 

2004: Placental Association of the Americas: Research Award (Mentor) 

2002: Society for Matemal-Fetal Medicine: Research Excellence Award (Mentor); 

2001 : American Society for Reproductive Immunology. New Investigator Award 

2000: American Society for Reproductive Immunology Award (Mentor), Annual 

2000: Society for Gynecologic Investigation - Blue Ribbon Presentation 

1999: American Society for Reproductive Immunology Award (Mentor), Annual 

1 995 : ORISE Fellowship Award 

1 993 : Guerchenson Scholarship Award 

B) International 

1991 : Israel Endocrine Society Award in Basic Endocrine Science 

1991: Minerva Training Fellowship Award 

2000: Honorary Member, Menopause Society -Chile 

2002: Honorary Member, Climacteric Society -Paraguay 

2003 : Honorary Member, Menopause Society- Argentina 

2004: Honorary Member, Argentine Society of Gynecologic Endocrinology 

2005: Honorary Member, Obstetric and Gynecologic Society-Ecuador 



Professional Service 

Peer Review Groups/Grant Study Sections 

2007 Ad Hoc Member: HED-1 Study Section, NHICD, NIH 

2004-present Grant Reviewer MRC, London England 

2002 Ad Hoc Member: Integration Panel Meeting, USAMRDC Ovarian Cancer Research 
Program 

2003 Ad Hoc Member: HED-1 Study Section, NHICD, NIH 
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2003 Grants Reviewer Wellcome Trust London England 



Professional Organizations 

2001-2005 Elected Councilor: American Society of Reproductive Immunology 
2005-2008 Elected Secretary of the American Society for Reproductive Immunology 

2003 Program Chairman and organizer of the 2003 American Society of Reproductive 
Immunology Annual Meeting. Yale university, New Haven CT 

2004 Member Editorial Board: Joumal of the Society for Gynecologic Investigation 

2005 Member Editorial Board: Eureka Bioscience 

2005 Member Editorial Board: American Joumal of Reproductive Immunology 

2006 Member Editorial Board: Recent Patents in Inflammation & Allergy 
2006 Chief Scientific Officer Nascent Signs ltd. 



Yale University Service - 
Medical School Committees 

2006 Translational Research Committee, Yale Cancer Center 
2004 Yale WRHR Advisory Panel 

2004 Yale CME Advisory Committee Member, Yale University School of Medicine 
2003 CME task force. Yale University School of Medicine 
2002 Organizer and Director: Discovery To Cure High School Internship 
2001-2003 Web Master. Department of Obstetrics and Gynecology 



MEMBERSHIPS: 



• American Association for Cancer Research. 

• American Association for the Advancement of Science. 

• American Society for Reproductive Immunology. 

• Yale Comprehensive Cancer Center. 

• Society for Gynecologic Investigation 
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PROFESSIONAL SERVICES 

• Program Chairman and organizer of the 2003 American Society of Reproductive 
Immunology Annual Meeting. Yale university, New Haven CT 

• Ad Hoc Member: Integration Panel Meeting, USAMRDC Ovarian Cancer Research 

Program (2002) 

• Ad Hoc Member: HED-1 Study Section, NHICD, NIH (2003) 

• Ad Hoc Member: HED-1 Study Section, NHICD, NIH (2007) 

• Secretary of the American Society for Reproductive Immunology (2005-2008) 

• Councilor: American Society of Reproductive Immunology (2001-2005) 

• Web Master, Department of Obstetrics and Gynecology (200 1 -2003) 

• CME task force. Yale University School of Medicine (2003) 

• Yale CME Advisory Committee Member, Yale University School of Medicine (2004) 

• Organizer and Director: Discovery To Cure High School Intemship 

• Yale WRHR Advisory Panel (2004-present) 

• Member Editorial Board: Journal of the Society for Gynecologic Investigation (2004-) 

• Member Editorial Board: Eureka Bioscience (2005-) 

• Member Editorial Board: American Joumal of Reproductive Immunology (2005-) 

• Member Editorial Board: Recent Patents in Inflammation & Allergy (2006-) 

• CSO Nascent Signs ltd. (2006-present) 



REVIEWER: 



Science 

Biology of Reproduction. 
NeurohnmunoModulation. 

European Joumal of Obstetrics & Gynecology and Reproductive Biology. 
Molecular Human Reproduction. 
Joumal of Reproductive Immimology 
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Laboratory Investigation 

American Journal of Reproductive Immunology 

Obstetrics and Gynecology 

Breast Cancer Research and Treatment 

Oncogene 

Journal of the Society for Gynecologic Investigation 

Joumal of Immunology 

Human Reproduction 

Cancer Research 

Clinical Cancer Research 

Gynecologic Oncology 



CLINICAL TRIALS 



LABORATORY ORIGINATED CLINICAL TRIALS: 

• Phase Ib/n study of Phenoxodiol in patients with recurrent ovarian, fallopian and primary 
peritoneal cancer that is resistant to second line chemotherapy. 2002-2003 

• Phase I study of Neodjuvant use of oral Phenoxodiol in patients with primary diagnosis of 
squamous adeno-carcinoma of the cervix, vagina and vulva. 2004- 

• A non interventional prospective study of the accuracy of the Precision Terapeuthics, INC 
chemoresponse assay in patients with stage II-IV recurrent epithelial ovarian or primary 
peritoneal cancer 2004-2005 

• Multi-Center, Phase lb Safety and Preliminary Efficacy Study of Phenoxodiol (Intravenous 
Dosage Form) as a Chemo-Sensitizing Agent for Cisplatin and Paclitaxel in Recurrent 
EpitheHal Ovarian Cancer 2004-2005 

• A Randomized Placebo-Controlled Phase Ib/IIa Safety, Tolerability and Efficacy Study of 
Oral Phenoxodiol in Combination with Docetaxel versus Docetaxel Alone in Patients with 
Recurrent Epithehal Ovarian, Fallopian Tube and Primary Peritoneal Cancer. 2005- 
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PEER REVIEWED PUBLICATIONS 



1. Mor, G., Saphier, D., & Feldman, S. (1986). Inhibition by corticosterone of 
paraventricular nucleus multiple-unit activity responses to sensory stimuli in freely moving 
rats. Experimental Neurology . 94(2), 391-399. 

2. Mor, G., Saphier, D., & Feldman, S. (1987). Neural pathways that mediate the effects of 
afferent stimuli on paraventricular nucleus multiunit activity in freely moving rats. Joumal of 
Neuroscience Research, 17(4), 452-458. 

3. Saphier, D., Abramsky, O., Mor, G., & Ovadia, H. (1987). Multiunit electrical activity in 
conscious rats during an immune response. Brain Behavior and Immunitv . 1(1), 40-51. 

4. Saphier, D., Abramsky, O., Mor, G., & Ovadia, H. (1987). A neurophysiological 
correlate of an immune response. Annals of the New York Academv of Sciences. 496(354), 
354-9. 

5. Saphier, D., Mor, G., & Feldman, S. (1988). Neurogenic stimuli alter preoptic area and 
amygdala unit activity: central effects of olfactory projections on paraventricular nucleus 
imits. Experimental Neurology, 100(1), 71-82. 

6. Mor, G. (1988). Neural Responses to Neurogenic Stimuli: Effects of Lesions and 
Glucocorticoids . Thesis. Master of Sciences, The Hebrew University. 

7. Ovadia, H., Saphier, D., Mor, G., Maimon, A., & Abramsky, O. (1991). Changes in brain 
during an immune response. Joumal of Neuroimmxmologv, 17, 253-263. 

8. Saphier, D., Mor, G., Ovadia, H., Maimon, A., & Abramsky, O. (1991). Absence of 
neural responses following suppression of the immime response. International Joumal of 
Neuroscience , 56(1-4), 277-282. 

9. Bemard, G., Mor, G., Amir-ZAltsman, Y., & Kohen, F. (1992). Idiometric assay, anti- 
idiotypes and molecular mimicry. Communication Laboratory and Medicine , 3, 57-62. 

10. Mor, G., Amir, Z. Y., Bamard, G., & Kohen, F. (1992). Characterization of an 
antiidiotypic antibody mimicking the actions of estradiol and its interaction with estrogen 
receptor. Endocrinology. 130(6), 3633-40. 
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LECTURES: 

Lectures: 

Outside Yale 

(Main lectures since 1999-2007) 

2007 Invited Speaker: 23th Annual Meeting of the Japanese Society for Immunology of 
Reproduction: Inflammation and pregnancy: The role of TLRs. Tokyo Japan 
2007 Invited Speaker:New York Obstetrical Society Meeting: Biomarkers for the early 
detection of ovarian cancer. New York, NY 

2007 Invited Speaker: xSamples Technology. Biomarkers development for cancer. Boston 
MA 

2007 Invited Speaker: Human Reproduction in 2007. Early detection of ovarian cancer. 
Mykonos, Greece 

2007 Invited Speaker: Human Reproduction in 2007, TLRs and pregnancy. Mykonos, Greece 
2007 Invited Speaker: Menopause Society. New therapeutic approaches for the treatment of 
ovarian cancer. September Mar del Plata, Argentina 

2007 Invited Speaker: Meeting of the Intemational Society for Reproductive Immimology. 
Trophoblast immune interactions. Opatja, Croatia 

2007 Invited Speaker: Intemational Meeting on Women Health: Biomarkers for Ovarian 
Cancer. Valencia Spain, 

2007 Invited Speaker: Early Detection Research Network, NCI: Blood Biomarkers for Cancer. 
Denver, CO 

Invited Speaker: V Intemational Meeting of Obstetrics and Gynecology: Immunology of 
Pregnancy. Valparaiso Chile 

2007 Invited Speaker: V Intemational Meeting of Obstetrics and Gynecology: Inflammation 
and Cancer. Valparaiso Chile 
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2007 Invited Speaker: V Intemational Meeting of Obstetrics and Gynecology: Early Detection 
of Ovarian cancer. Valparaiso Chile 

2007 Invited Speaker: Annual Meeting of the American Society for Reproductive Immunology: 
TLRs and Pregnancy. Toronto Canada 

2007 Invited Speaker: V Intemational Meeting of Obstetrics and Gynecology: Immunology of 
Pregnancy. Valparaiso Chile May 2007 

2006 Invited Speaker: 13th Postgraduate Course "Recent Advances in Perinatal Medicine" 
Erice Italy 

2006 Invited Speaker: Oncology Group: Advantages for early detection of Ovarian cancer. Tel 
Aviv Israel 

2006 Invited Speaker: National Congress of Obstetrics and Gynecology. New Markers for 
Early detection of ovarian cancer. Ramat Gan Israel 

2006 Invited Speaker: School of Medicine. Symposium on Immunology of pregnancy. 
Inflammation and pregnancy: the role of Toll Like Receptors. West Virginia University 
2006 Invited Speaker: Annual Meeting, Sociedad Argentina de Endocrinologia Ginecologica y 
Reproductiva: Inflammation and Cancer. Buenos Aires Argentina 

2006 Invited Speaker: Annual Meeting, Sociedad Argentina de Endocrinologia Ginecologica y 
Reproductiva: Biomarkers for early detection of Ovarian Cancer. Buenos Aires Argentina 
2006 Invited Speaker: Annual Meeting, Sociedad Argentina de Endocrinologia Ginecologica y 
Reproductiva: Trophoblast-Immune interactions. Buenos Aires Argentina 
12006 Invited Speaker: Annual Meeting, Sociedad Argentina de Endocrinologia Ginecologica y 
Reproductiva: Trophoblast apoptosis. Buenos Aires Argentina 

2006 Invited Speaker: Array BioPharma's. Inflammation and Cancer. Denver, Colorado 
2006 Invited Speaker: Apoptosis and Cancer Wilkes-Barre University 
2005 Invited Speaker: Intemational Meeting of Gynecology. Early Detection and Ovarian 
Cancer. Medellin Colombia 

2005 Invited Speaker: Intemational Meeting of Gynecology. Immunology of Implantation. 
Medellin Colombia 

2005 Invited Speaker: Intemational Meeting of Gynecology. Cancer Progression and 
Inflammation. Medellin Colombia 
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2005 Invited Speaker: Inflanunation and Cancer. Vaccination, Infection & Autoimmunity: 
Myth & Reality- VIAMR. Lausanne, Switzerland 

2005 Invited Speaker: Early detection in Cancer. 1 1^ World Congress of Menopause Buenos 
Aires Argentina, 

2005 Invited Speaker: Inflammation and Ovarian Cancer progression. 1 1'^ World Congress of 
Menopause Buenos Aires Argentina, 

2005 Invited Speaker: Isoflavones and the treatment of ovarian cancer. 11* World Congress of 
Menopause Buenos Aires Argentina, 

2005 Invited Speaker: New markers for the early detection of ovarian cancer. EDRN Sterling 
Meeting Seattle Washington 

2005 Invited Speaker: Apoptosis and Cancer: Annual Meeting of the Gynecologic Society 
Guayaquil Ecuador, 

2005 Invited Speaker: Apoptosis and tissue remodeling Annual Meeting of the Gynecologic 
Society Guayaquil Ecuador, 

2005 Invited Speaker: Phenoxodiol a new approach for the treatment of ovarian cancer. VI 
Congress of Menopause Bucaramanga Colombia 

2005 Invited Speaker: The regulation of apoptosis in tissue remodeling and cancer. VI 
Congress of Menopause Bucaramanga Colombia. 

2005 Invited Speaker: New Concepts in Reproductive Immunology. Department of Physiology 
Dartmouth University Hanover NH 

2005 Invited Speaker: The immunology of the female reproductive tract. Annual Meeting 
Society of Mucosal Lranunity Boston MA 

2005 Invited Speaker: Immunology of Implantation. Humboldt University Berlin Germany 
2005 Invited Speaker: Toll Like Receptors and implantation. Perinatal Research Brank, 

NICHD,NIH. Detroit MI 
2004 Invited Speaker: Apoptosis and Cancer: Detection and Treatment: MOFFITT Cancer 
Center Tampa Florida. 

2004 Invited Speaker: Sex Hormones and the Lmnime System. 2"^ World Congress on 
Women Mental Health. Washington DC 

2004 Invited Speaker: The Innate Immime System: trophoblast survival and apoptosis. IX 
International Congress of Reproductive Immunology Hakone, Japan 
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2004 Invited Speaker: Menopause, Sex Hormones and the Immune System: Curso de 
postgrado en Climaterio. Buenos Aires Argentina 

2004 Invited Speaker: The immune system and Reproduction. IVIG: Reproductive 
Immunology San Francisco CA 

2004 Invited Speaker: Apoptosis and Cancer. Nevada Ganeer Institute. 

2004 Invited Speaker. Sex Hormones and the Immune System. Intemational al Meeting of 

Menopause. Lima Peru 

2004 Invited Speaker: Apoptosis Ovaric: Intemational al Meeting of Menopause. Lima Peru 
2003 Invited Speaker: Apoptosis and cancer: Weizmann Institute of Science Rehovot Israel 
2003 Invited Speaker: Sex hormones as Survival factors. Jomadas Nacionales de Climaterio. 
Salta, Argentina 

2003 Invited Speaker: Sex Hormones and the hnmune System. Jomadas Nacionales de 
Climaterio. Salta, Argentina 

2003 Invited Speaker: Apoptosis and the Ovary. Jomadas Nacionales de Climaterio. Salta, 
Argentina . 

2003 Invited Speaker: Apoptosis and Cancer. Northwestem University, Chicago 
2003 Invited Speaker: Immunology of Implantation. Northwestem University, Chicago 
2003 Invited Speaker: Xn World Congress of Gestational Trophoblastic Disease. Sheraton 
Boston Hotel. Boston MA 

2003 Invited Speaker: Monocytes and implantation. PRB, NIH. 

2002 Invited Speaker: Life after death? Survival by apoptosis in reproductive tissues. DOD 

Breast cancer Training Program- Fox Chase Cancer Center, Philadelphia 2002 

2002 Invited Speaker: Sex hormones and the Immune system. 3^*^ Annual conference on Sex 

and Gene Expression. The Hayes Mansion Conference Center-San Jose California 

2001 Invited Speaker: Estrogen, macrophages and the Fas/FasL system: Understanding the 

Biology of Sex Differences, Scientific Advisory Meeting:: Sex Differences in Immunology and 

Autoimmunity. Boston MA 

2001 Invited Speaker: Apoptosis and Cancer. Intemational Menopause Day, Santiago-Chile 
2001 Invited Speaker: Sex Hormones and the Immune System: Cancer and Autoinraiunity. 
Intemational Menopause Day, Santiago-Chile 
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2001 Invited Speaker: Sex hormones and the immune system: impUcations for menopause and 
autoimmunity. 4* International Symposium Women's Health and Menopause Washington DC 
2001 Invited Speaker: Autoinmixme diseases and Hormone Replacement Therapy. Menopause 
Society Asuncion Paraguay 

2001 Invited Speaker: Estrogen receptors a and P in reproductive tissues. Menopause Society 
Asuncion Paraguay 

2001 Invited Speaker: hnmunology of Gynecologic Cancers. Menopause Society Asimcion 
Paraguay 

2001 Invited Speaker: The Fas/FasL system in reproductive Tissues: Normal Development and 
Autoimmunity Annual Meeting of the American Society of Reproductive Immunology. 
Santiago, Chicago 

2001 Invited Speaker: Apoptosis and Cancer. Brown University Grand Rounds. Providence RI 
2001 Invited Speaker: Immunology of implantation. Perinatology Research Branch Intramural 
Division, NICHD. Detroit 

1999 Invited Speaker: Immune Disorders in Menopausal Women. The North American 
Menopause Society. New York 

2000 Invited Speaker: Autoimmune diseases and Hormone Replacement Therapy. Menopause 

Society Santiago de Chile 

2000 Invited Speaker: Estrogen receptors a and P in reproductive tissues. Menopause Society 
Santiago de Chile 

2000 Invited Speaker: hnmimology of Gynecologic Cancers. Menopause Society Santiago de 
Chile 

2000 Invited Speaker: Sex Hormones and the Immune System. XVn Jomadas de Obstetricia y 

Ginecologia. Buenos Aires Argentina. 

2000 Invited Speaker: The effect of Hormone Replacement Therapy in Autoimmune Diseases. 
XVn Jomadas de Obstetricia y Ginecologia. Buenos Aires Argentina. 
1999 Invited Speaker: Immunology of Gynecologic Cancers. XVn Jomadas de Obstetricia y 
Ginecologia. Buenos Aires Argentina. 

1999 Invited Speaker: Fas/Fas Ligand system in tumor-immune cells interaction. Annual 
meeting of the American Society of Reproductive Immunology. New York 
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At Yale 

• Grand Rounds Yale Cancer Center: Biomarkers for the early detection of ovarian cancer. 
June 2007 

• Yale Cancer Center: Developmental and Therapeutics Research Program: TLRs, 
inflammation and Cancer. January 2006 

• Yale Cancer Center: Ovarian Cancer Research Program: Serum Proteins Markers for Early 
Detection of ovarian cancer. March 2006 

• Yale Cancer Center, Therapeutic Radiology Lectures: Inflammation and Cancer: 2006 

• Grand Rounds Department of Obstetrics and Gynecology: Serum Protein Markers for early 
detection of Ovarian cancer. 2006 

• Ovarian Cancer Research Program: Serum Protein Markers for early detection of ovarian 
cancer. 2005 

• Pharmacology: Apoptosis and cancer 2004 

• Immunobiology Seminar Series Lectures: A lethal talk: Fas-FasL in tumor Immune cells 
interaction. 1999 

• OB/Gyn Residents Seminar: Immunology of Reproduction. 1999, 2000, 2001 and 2002 

• Gynecologic Oncology Residents lecture: apoptosis and cancer. 2001 

• Grand Rounds Yale Cancer Center: Life after death? Survival by apoptosis in reproductive 
tissues. 2002 

• Grand Rounds Pathology : Apoptosis and Cancer 2003 

• Grand Rounds Department of Obstetrics and Gynecology: Phenoxodiol a new approach for 
the treatment of ovarian cancer. 2002 
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Second-Trimester Maternal Serum Placental Growth 
Factor and Vascular Endothelial Growth Factor for 
Predicting Severe, Early-Onset Preeclampsia 

Bruno M. Polliotri, PhD, A. Gordon Fry, md, Devereux N. Sailer, Jr, md, 
Robert A. Mooney, PhD, Christopher Cox, PhD, and Richard K. Miller, PhD 



OBJECTIVE: To determine whether alterations in second- 
trimester maternal serum cytokine concentrations can 
identify women at risk for developing severe, early-onset 
preeclampsia. 

METHODS: Patients with severe preeclampsia requiring de> 
livery prior to 34 weeks (n = 20) were each matched by 
gestational s^e, gravidity, parity, and sample freezing time 
with three healthy controls who delivered at term (n = 60). 
By using second-trimester maternal sera originally col- 
lected for fetal aneuploidy screening, the concentrations of 
placental growdi fector, vascular endothelial growth fac- 
tor, granulocyte colony-stimulating factor, endothelin-1, 
and human chorionic gonadotropm were compared be- 
tween patients and controls. Logistic regression analysis 
was used to estimate odds ratios for high versus low (me- 
dian split) cytokine concentrations with respect to the de- 
velopment of severe, early-onset preeclampsia. Receiver 
operating characteristic (ROC) curves based on a second 
logistic regression, using actual cytokine values, were plot- 
ted to illustrate reciprocal impact on sensitivity and speci- 
ficity. 

RESULTS: Placental growth factor and vascular endothelial 

growth factor levels were significantly lower in patients 
than in controls. No significant differences were observed 
for the other cytokines. The odds ratios (with 95% confi- 
dence intervals) were 15.54 (3.29, 73.40) for vascular endo- 
thelial growth factor and 4.20 (1.35, 13.06) for placental 
growth factor. Receiver operating characteristic analysis of 
placental growth factor and vascular endothelial growth 
factor confirmed that both were useful in discriminating 
between patients and controk. Modeb combining both 
vascular endothelial growth factor and placental growth 
factor provided the best performance for identifying pa- 
tients at risk for developing severe, early-onset preeclamp- 
sia, according to both odds ratios and ROC analyses. 



From the Departments of Obstetria and Gynecology, Paiholog^, and Biostaiistia, 
University of Rochester Medical Center, Rochester, New York, 

DXS is currently affUialed with the Department of Obstetrics and Gynecology, 
University of West Virginia, Robert C. Byrd Health Science Center, Morgantoum, 
West Virginia. 



CONCLUSION: Combined analysis of placental growth fac- 
tor and vascular endothelial growth factor is potentially 
useful as a tool for early identification of patients at risk for 
developing severe, early-onset preeclampsia. (Obstet Gy- 
necol 2003;101:1266-74. © 2003 by The American Col- 
lege of Obstetricians and Gynecologists.) 

Despite decades of research, the pathogenesis of pre- 
edampsia remains poorly understood, and attempts to 
identiiy early markers of the disorder have been disap- 
pointing. Biochemical markers that could predict the 
subsequent onset of preeclampsia before maternal clini- 
cal manifestations become apparent would be advanta- 
geous because they may elucidate the pathophysiologic 
mechanisms of the disorder and identify specific patients 
early in pregnancy who are at high risk for developing 
preeclampsia.^*^ Once identified, these women may ben- 
efit from targeted therapy that could prevent or diminish 
the effects of the disease. Because the preponderance of 
maternal and perinatal morbidity and mortahty occurs 
when disease develops at an early gestational age,^'^ 
early prediction of preeclampsia would have the greatest 
potential to favorably impact maternal and perinatal 
outcome if it can identify the subset of women destined 
to develop severe, early-onset disease. 

The association between abnormal placentation and 
preeclampsia is well known and is thought to involve 
inadequate trophoblast invasion of maternal spiral arter- 
ies during early gestation.^ Evidence of placental de- 
rangement may be reflected in maternal circulation by 
alterations in the concentration of biochemical markers 
involved in the process of normal placental develop- 
ment. Placental growth factor and vascular endothelial 
growth factor, members of the platelet-derived growth 
factor family, are both important local mediators of 
angiogenesis in the human placenta^ and can be isolated 
from die maternal circuladon. Changes in the circulating 
concentrations of these factors may represent abnormal 
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placental development in pregnancies destined to de- 
velop preeclampsia. Recent publications present contra- 
dictory results for placental growth factor, shovsdng de- 
creased maternal serum levels early in the second 
trimester'^*^ or levels that are not significandy different 
from normal pregnancies at the same gestational age.^ 
Livingston et al also have observed a decrease of placen- 
tal growth factor at term*^ but not earlier in gestation.^ 
The role of vascular endothelial growth factor is simi- 
larly unclear. Whereas some investigators report an 
increase in circulating maternal levels in patients with 
preeclampsia, as compared with patients with normal 
pregnancies,^^'*^ others report a decrease. ^^•^^'^'^ How- 
ever, most of these studies were performed after pre- 
eclampsia was clinically evident, and the pattern of cir- 
culating vascular endothelial growth iaaor levek earlier 
in pregnancy is not known. 

Other cytokines have also been implicated in the 
etiology of preeclampsia. Granulocyte colony stimulat- 
ing factor may play a role in the development of pre- 
eclampsia by acting as a stimulus for vascular endothelial 
damage through the activation of granulocytes, and cir- 
culating granulocyte colony stimulating factor levels are 
reported to be elevated in maternal circulation in pre- 
eclampsia.^^ Endothelin-1 is a potent vasoconstrictor, 
and increased circulating levels serve as a marker for 
endothelial damage. Endothelin-1 in the placenta also 
stimulates trophoblast ceU proliferation and invasion in 
vitro, implying a potential role in pathogenesis of pre- 
eclampsia at the placental level. Whereas circulating 
maternal levels of endothelin-1 appear to be elevated, 
placental production of endothelin-1 seems to be re- 
duced in preeclamptic pregnancies.^^ In addition, gran- 
ulocyte colony stimulating factor is also reported to 
stimulate endothelin-1, and this interaction has been 
associated with preeclamptic mechanisms.^® 

Because increased maternal concentrations may be a 
marker for abnormal placentation in general, human 
chorionic gonadotropin (hCG) has also been studied as a 
potential tool for predicting the development of pre- 
eclampsia. Increased serum levels of ^-hCG have been 
found during the second trimester in women who later 
developed preeclampsia.^^ Free a-hCG subunit levels 
have also been reported to be significandy higher among 
patients with severe preeclampsia.^^ 

The current data relating to the role of these cytokines 
in preeclampsia are inconsistent, explained in part by 
differing methodologies and experimental designs 
among the studies. It is also possible that the examination 
of multiple cytokines might be superior to the analysis of 
a single one. We therefore designed a study of multiple 
cytokines that, by focusing on a specific, narrowly de- 
fined subset of preeclamptic patients, addresses some of 



the disCTepandes observed in previous studies. The pur- 
pose of this investigation was to determine whether the 
circulating concentrations of a combination of selected 
cytokines (placental growth factor, vascular endothelial 
growth factor, granulocyte colony stimulating factor, 
cndothelin-1, and hCG) in second-trimester maternal 
serum could be used to predict the subsequent develop- 
ment of preeclampsia. Because most maternal and fetal 
morbidity and mortality occurs when preeclampsia pre- 
sents at early gestational ages, we confined our analysis 
to women who were delivered before 34 weeks' gesta- 
tion because of severe preeclampsia. 

MATERIALS AND METHODS 

This was a case- control study comparing women who 
developed severe preeclampsia before 34 completed 
weeks* gestation and matched, healthy controls who 
delivered at term with respect to the concentration of 
cytokines that had been obtained in the second trimester. 
Maternal serum samples were originally collected for 
purposes of antenatal screening for fetal aneuploidy and 
neural tube defects. This screening program, which uses 
a triple marker assay of maternal serum for a-fetopro- 
tein, estriol, and free /3-hCG concentrations, is available 
to all pregnant women in the New York State Finger 
Lakes region through the Rochester Regional Genetics 
Program. Currently, approximately 60% of pregnant 
women in the Finger Lakes region elect to have second- 
trimester serum screening performed. 

Candidates for inclusion in the study were identified 
throu^ a computerized search of a perinatal database 
that included all deliveries occurring between January 1 , 
1999 and May 31, 2001 at Strong Memorial Hospital, 
University of Rochester Medical Center. The hospital 
records of study candidates were then carefiiDy reviewed 
with regard to study criteria, described below. Stored 
serum samples of patients meeting these criteria were 
analyzed for cytokine concentration. The serum levels of 
placental growth factor, vascular endothelial growth fac- 
tor, endothelin-1, and granulocyte colony stimulating 
factor were quantified with an enzyme-linked immu- 
nosorbent assay with a sensitivity of 7, 1, 1, and 20 
pg/mL, a specificity nearly 100% (with various levels of 
cross-reactivity), a coefficient of variation inter ass ay of 
11.2, 7.3, 5.7, and 3.7% and a coefEdent of variation 
intra-assay of 5.4, 5.4, 4.4, and 1.8%, respectively (R&D 
Systems Inc., Minneapolis, MN). A chemiluminescent 
enzyme immunoassay for hCG was used, with a sensi- 
tivity of 1 mlU/mL, a specificity of nearly 100% (with a 
cross-reactivity of 127% with hCG-/3 subunit), a coefB- 
cient of variation interassay of 6.5%, and a coefficient of 
variation intraassay of 3% (Immulite DPC, Los Angeles, 
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CA). This research study protocol was reviewed and 
approved by the Research Subjects Review Board at the 
University of Rochester. 

The study was designed to evaluate preeclamptic 
women whose disease was severe enough to mandate 
delivery at an early gestational age for either maternal or 
fetal indications. To be considered for inclusion in the 
study, all candidates must have shown an unequivocal 
history of both the following: 1) severe preeclampsia 
warranting delivery based on maternal or fetal indica- 
tions, and 2) delivery before 34 completed weeks of 
gestation. Categorization of disease in study subjects was 
defined in accordance with the most recent consensus 
recommendations for classifying hypertensive disorders 
in pregnancy. ^^'^^ Specifically, preeclampsia was defined 
as newly detected hypertension (systohc blood pressure 
[BP] greater than or equal to 140 mm Hg, or diastolic BP 
greater than or equal to 90 mm with proteinuria 
(greater than or equal to 300 mg total urinary protein 
over a 24-hour collection period), both developing after 
20 weeks' gestation. Severe preeclampsia was defined as 
preeclampsia complicated by either 1) severe hyperten- 
sion (systolic BP greater than or equal to 160 mm Hg or 
diastolic BP greater than or equal to 110 mm Hg, mea- 
sured on at least two sq^arate occasions 6 hours apart), 
or 2) at least 5 g total urinary protein within a 24-hour 
collection period. Preeclampsia was also classified as 
severe in the presence of specific and otherwise unex- 
plained abnormal laboratory or physical findings, re- 
gardless of elevated blood pressure or proteinuria. These 
findings included 1) elevated levels of aspartate amino- 
transferase (greater than 72 lU/L), 2) thrombocytopenia 
(platelet count less than 100,000/mm^), 3) puhnonary 
edema, 4) ofiguria (less than 500 mL urine in 24 hours), 
and 5) abnormal neurologic findings (excluding head- 
ache occurring in an individual with a history of recur- 
ring or chronic headache). 

Preeclamptic patients were also required to have clear 
indications for delivery based on the severity of their dis- 
ease before being induded as study subjects. Maternal 
indications for delivery included severe hypertension de- 
spite maximal doses of oral antihypertensive agents, 
HELLP (hemolysis, elevated liver enzymes, low platelets) 
syndrome, new onset of neurologic symptoms, thrombocy- 
topenia or abnormal liver ftmction tests without other evi- 
dence of HELLP, oliguria, pulmonary edema, new-onset 
coagulopathy, and epigastric pain. Fetal indications in- 
cluded repetitive late decelerations, bradycardia, and a per- 
sistent biophysical score of 4 or less. 

Individuals with chronic hypertension, diabetes melli- 
tus, and preexisting renal disease were eligible for inclu- 
sion if severe preeclampsia was unequivocally diagnosed 



after 20 weeks, based on new development of abnormal 
laboratory or physical findings described previously. 
Individuals with multiple gestations and with growth- 
restricted fetuses were also eligible for inclusion. The 
presence of severe blood pressure elevation or protein- 
uria alone, in the absence of concurrent clinical or labo- 
ratory abnormalities, was not sufficient to allow the 
inclusion of individuals with preexisting chronic hyper- 
tension or renal disease. Patients who were delivered 
because of nonreassuring fetal status were included if 
other clinical criteria were met. 

Patients were excluded if deUvery occurred after 34 
weeks (even when severe preeclampsia developed before 
34 weeks) or if delivery occurred because of factors 
related to conditions other than severe preeclampsia (eg, 
preterm labor, preterm premature rupture of mem- 
branes, chorioamnionitis, or nonreassuring fetal status 
clearly unrelated to preeclampsia [eg, umbilical cord 
prolapse]) . Patients with preexisting hypertension or pro- 
teinuria were not included imless the new onset of ab- 
normal physical or laboratory findings defining severe 
preeclampsia developed. 

Stored samples firom three control subjects were iden- 
tified for each patient with preeclampsia and matched 
with preeclamptic patients based on maternal age, gesta- 
tional age, gravidity, parity, and length of time of serum 
sample storage. 

Dificrences between means of the two subject groups 
for clinical variables and for cytokine concentrations 
were assessed with imequal Student t test with unequal 
variance. Because some of the variables were highly 
skewed, parity and gravidity in particular, we also used a 
nonparametric test (Kruskal-Wallis test). A P value of 
less than .05 was considered to be significant. For cyto- 
kines foimd to have significandy different second-trimes- 
ter concentrations between patients and controls, logistic 
regression analysis was used to model the probability of 
developing severe, early-onset preeclampsia. Two sepa- 
rate logistic regressions were performed. For the first 
analysis, the cytokine values were divided at the median 
and scored as low (below the median) or high (above the 
median). Odds ratios from this analysis are reported, 
together with 95% confidence intervals. The second 
analysis used the actual cytokine concentrations as pre- 
dictor variables; this analysis was used to develop a 
receiver operating characteristic (ROC) curve for the 
combined set of cytokines. These analyses were per- 
formed by fitting linear logistic regression models for 
binary data by using the method of maximum likeli- 
hood. The maximum likelihood estimation was carried 
out with the Fisher scoring algorithm.^ 
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Table 1. Clinical Characteristics of Preeclamptic Patients 

Number of 

Maternal characteristics patients (n = 20) 
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Indication for delivery 




Maternal 


18 


Fetal 


2 


Complications mandating delivery 




HELLP syndrome 


8 


Abnormal LFT (without HELLP) 


6 


Tlirombocytopenia (without HELLP) 


0 


Pulmonary edema 


3 


Oliguria 


3 


Neurologic changes 


2 


Fetal biophysical profile ^ 4/10 


2 



HELLP = hemolysis, elevated liver enzymes, low platelets; LFT = 

liver function tests. 



Three patients had more than one complication mandating delivery. 
Therefore, the total number of complications listed is greater than the 
total number of cases of preeclampsia. 

RESULTS 

Betweenjanuary 1, 1999 and May 31, 2001, 129 patients 
were delivered preterm with severe preeclampsia at 
Strong Memorial Hospital. Of these, 20 patients fulfillin g 
the clinical inclusion criteria for both diagnoses of severe 
preeclampsia and delivery before 34 weeks with a stored 
second-trimester serum sample suitable for cytokine 
analysis were identified. The clinical characteristics of 
these 20 women are summarized in Table 1, along with 
the indications for delivery. One patient had neither 
hypertension nor proteinuria. This individual was deliv- 
ered after she developed HELLP syndrome. She also 
represented the only individual with a multiple gestation 
(twin pregnancy). Hemolysis, elevated liver enzymes, 
low platelets syndrome was the single most common 
indication for delivery, and the majority of patients were 



delivered for maternal rather than fetal indications. No 
patients developed a coagulopathy or epigastric pain. 

The 20 cases of preeclampsia were compared with 60 
normal control patients (three per patient with pre- 
eclampsia). Comparison of the clinical characteristics of 
the two groups is siumnarized in Table 2. Maternal age, 
gravidity, parity, and gestational age refer to data at the 
time of sampling in the second trimester. Blood pressure, 
proteinuria, gestational age, and birth wei^t refer to 
data collected at or near the time of delivery. Blood 
pressure values are the mean of the first two readings 
that were separated by at least 6 hours, taken during the 
hospital admission in which delivery occurred. Some 
control subjects did not have blood pressure data re- 
corded in such manner. In these instances, the last re- 
corded blood pressure value, either before or after ad- 
mission for delivery, was used. For preeclamptic 
patients, proteinuria was assessed during the hospital 
admission in which delivery occurred. For control sub- 
jects, the last recorded assessment of urine protein before 
delivery, either before or after admission for dehvery, 
was used. Three preeclamptic patients did not have a 
complete 24-hour urine collection performed. For these 
patients, proteinuria was defined in accordance with 
consensus recommendations^^ as greater than or equal 
to a 1 + reading on qualitative dipstick analysis (corre- 
sponding to approximately 0.3 g/L), obtained in at least 
two random urine specimens. One preeclamptic patient 
did not have proteinuria. The two groups were perfecdy 
matched for maternal age, gravidity and parity, and the 
gestational age at time of the sampling. The mean gesta- 
tional age at the time of dehvery was 30.7 weeks for 
patients with preeclampsia and 38.2 weeks for control 
subjects. As expected, blood pressure values were signif- 
icandy higher in the preeclamptic patients as compared 
with the control subjects. No control subjects had pro- 
teinuria. Six cases of preeclampsia were also associated 
with intrauterine growth restriction, compared with 
none in the control group. No patients with diabetes or 
chorioamnionitis were found in either group. 



Table 2. Characteristics of the Study Groups 





Preeclampsia patients 


Matched controls 


Significance 


Maternal age (y) 


257 ± 4.9 


27.2 ± 4.9 


P = 


.27 


Gestational age at time of sampling (wk) 


17.0 ± 1.8 


16.9 ± 1.5 


P = 


.93 


Gravidity 


2.4 ± 1.6 


2.1 ± 1.2 


F = 


.48 


Parity 


0.7 ± 0.9 


0.7 ± 0.9 


■ P = 


.84 


SystoHc blood pressure 


160 ± 17 


113 ± 9 


P< 


.005 


DiastoHc blood pressure 


96± 13 


66 i 5 


P< 


.005 


Birth weight (^ 


1345 ± 512 


3407 ± 461 


P< 


.005 



Data are presented as mean ± standard deviation. 

Signiiicancc for P value < 0.05, using unequal Student / test and Kniskal-Wallis test. 
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Table 3. Cytokine and Growth Factor Concentrations in Preeclamptic Patients and Matched Control Subjects 





Preeclampsia patients 


Matched controls 


Statistical significance 


HGF (pg/mL) 


61.3 ± 28.1 


122.4 ± 81.0 


P< 


.001 


VEGF (pg/mL) 


2.57 ± 1.45 


6.03 ±4.64 


P< 


.001 


ET-1 (pg/mL) 


2.07 ± 0.97 " 


1.92 ± 0.63 


P = 


.54 


GCSF (pg/mL) 


94.8 ± 50.8 


85.4 ± 36.1 


P = 


.44 


hCG (lU/mL) 


.39.5 ± 22.1 


37.1 ± 16.5 


P = 


.71 



hCG = human chorionic gonadotropin. 
Significance for lvalue < .05, using unequal Student / test and Kruskal-Wallis test 



Maternal serum concentrations of placental growth 
factor and vascular endothelial growth factor were sig- 
nificantly reduced in cases of preeclampsia (Table 3). No 
significant differences in the concentrations of endothe- 
Un-l, granulocyte colony stimulating factor, and hCG 
were observed between the two groups. The raw data, 
including individual factor concentrations and gesta- 
tional age at the time each sample was obtained, are 
shown for maternal serum placental growth factor (Fig- 
ure 1, top) and vascular endothelial growth factor (Fig- 
ure 1, bottom) levels. Both growth factors were de- 
creased by 40 -50% compared with the controls. 

To estimate odds ratios, logistic regression analysis 
was used to model the probability of developing severe 
preeclampsia based on second-trimester placental 
growth factor and vascular endothelial growth factor 
concentrations. Growth factor concentrations were di- 
chotomized such that an individual value was considered 
either normal or decreased^ based on whether it was above 
or below the respective median value of the sample 
distribution (80.8 pg/mL for placental growth factor, 
4.20 pg/mL for vascular endothelial growth factor). 
Odds ratios were estimated by developing models based 
on the concentrations of placental growth factor and 
vascular endothelial growth factor alone, as well as a 
third model incorporating values of both factors (Table 
4). The resulting odds ratios clearly demonstrate that, 
when considered individually, reduced levels of either 
placental growth factor or vascular endothelial growth 
factor are associated with an increased probability of 
developing severe, early-onset preeclampsia. However, 
when data from both factors are iricorporated into a 
single model, the probability of developing severe, early- 
onset preeclampsia based on decreased second-trimester 
levels is even greater. 

Receiver operating characteristic analyses of placental 
growth factor and vascular endothelial growth factor as 
individual markers demonstrated convincing evidence 
for the use of these markers in identifying women at risk 
for developing severe, early-onset preeclampsia with ar- 
eas under the curve equal to 0.799 and 0.773 for placen- 
tal growth factor and vascular endothelial growth factor, 



respectively (Figure 2). Receiver operating characteristic 
curves based on a second logistic regression, using actual 
cytokine values, were plotted to illustrate the sensitivity- 
specificity trade off. Receiver operating characteristic 
curve analysis for the corrdmatim of placental growth 
factor and vascular endothelial growth factor present 
even greater value as a predictive method with an area 
under the curve equal to 0.923. The combination of 
endothelin-1 and granulocyte colony stimulating faaor 
to placental growth factor and vascular endothelial 
growth factor did not significandy increase the area 
under the curve value (0.928). 

DISCUSSION 

We determined that second-trimester serum levels of 
vascular endothelial growth factor and placental growth 
factor were significantly decreased when compared with 
normal control subjects at similar gestational ages. These 
results demonstrate that analysis of circulating vascular 
endothelial growth factor and placental growth factor 
levels appears to be a usefiil tool for the early identifica- 
tion of pregnant women at increased risk for developing 
severe, early-onset preeclampsia. Although both vascu- 
lar endothelial growth factor and placental growth factor 
performed well individually, the logistic regression mod- 
els and ROC analyses suggest that these factors perform 
better when both vascular endothelial growth factor and 
placental growth factor levels are combined as a single 
model than either does alone. The addition of granulo- 
cyte colony stimulating factor, endothelin-1, and hCG to 
the combined placental growth factor/vascular endothe- 
lial growth factor model did not improve the ability to 
identify these patients. 

Because both may influence vascular development of 
the placental bed and regulate villus development and 
invasion, vascular endothefial growth factor and placen- 
tal growth factor are attractive candidates for involve- 
ment in the etiology of preeclampsia. Because the pla- 
centa is reduced in its degree of invasion and size and is 
a major site of production for vascular endothelial 
growth factor and placental growth factor, we speculate 
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Figure 1. Maternal serum concentrations of placental growth factor (top) and vascular endothelial growth factor (bottom) 
collected between 14 and 21 weeks' gestation. Black circles = preeclamptic (PE) patients; white squares = matched 
control subjects (CRTL); solid line = mean value of the controls; dashed line = mean value of preeclamptic patients. 
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Table 4. Odds Ratios Associated With Developing Severe, 
Early-onset Preeclampsia Based on Decreased 
Second-Trimester Levels of PIGF and VEGF Using 
Different Logistic Regression Models 



Model 


PIGF 


VEGF 


PIGF and VEGF 


7.77 (2.02, 29.89) 


2477 (4.63, 132.47) 


PIGF 


4.20 (1.35, 13.06) 


VEGF 




15.54 (3.29, 73.40) 



Abbreviations as in Table 3. 

Values in parentheses represent limits of the 95% confidence inter- 
val. Logistic regression models were dichotomized at the median value 
for each factor concentration. 



that reduced maternal levels of vascular endothelial 
growdi factor and placental growth factor reflect the 
unpaired production of these faaors by the placentae in 
women with severe preeclampsia. 

Although second-trimester maternal senmi vascular 
endothelial growth factor levels in preeclamptic pregnan- 
cies have not been examined as extensively, placental 
growth factor levels have received considerable attention 
recendy/"^*^**^^ The discrepant results of these studies 
make it dif&cult to clearly appreciate the role of these 
maternal and placental factors in the etiology of pre- 
eclampsia. A recent editorial published while our inves- 
tigation was underway outlined potential areas of con- 
cern in studies of this type.^ The methods employed in 
our study have addressed many factors that contribute 
to discrepant results. For example, our serum samples 



were preserved at a constant temperature of — 20C, in a 
single freezer, and never left the storage facility at Strong 
Memorial Hospital. None of the specimens were thawed 
and refrozen before their use for this study. These spec- 
imens were carefully matched for the freezing time be- 
tween preeclampsia patients and controls (three for each 
case of preeclampsia). Our cytokine assays were used in 
previous studies (R&D Systems Inc.). However, poten- 
tial sources of discrepancy remain in our study. 
Although several vascular endothelial growth factor 
isoforms exist (vascular endotheUal growth fac- 
*^ori2i, i65> i89> 206 ^A rcsiducs), our assay was designed 
to detect only vascular endothelial growth factoring, and 
our results should be compared only with results that 
detect a similar isoform. This observation could also be 
generalized to placental growth factor, although its diver- 
sity seems confined to only two isoforms. The Qjian- 
tikine immunoassay that we used for this study is de- 
signed to specifically measure the placental growth fac- 
tor-1 isoform. However, the manufacturer (R&D Sys- 
tems Inc.) reports up to 50% cross-reactivity with recom- 
binant placental growth factor-2 isoform and 5% cross- 
reactivity with a recombinant placental growth factor 
heterodimer. Clearly, the potential effect of possible 
differential expression of various isoforms of these 
growth factors in preeclampsia is an area that requires 
further study. Finally, because we analyzed serum rather 
than plasma, the concentrations of some factors may 
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Figure 2. Receiver operating characteristic curves for assays of maternal serum for placental growth factor (PIGF), vascular 
endothelial growth factor (VEGF), and PIGFA/EGF combined. The area under the curve, respectively 0.799, 0.773, and 
0.923, demonstrates the ability of cytokine analysis to differentiate preeclampsia from normal pregnancies, with the value 
1.0 representing 100% sensitivity and specificity, and the value 0.50 having no discriminatory power. 
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have been spuriously elevated because some of these 
substances are released from platelets when blood coag* 
ulates. 

Experimental results from various studies of this de- 
sign are also subjea to inconsistent results based on 
whether preeclampsia is mild versus severe, occurs at 
term versus preterm, is complicated by maternal medical 
conditions, or involves abnormalities of fetal growth. 
Investigators from different studies may in fact be com- 
paring "different diseases," thus arriving at different 
results. Given that early-onset preeclampsia and pre- 
eclampsia at term have distincdy different clinical impli- 
cadons, they may also have distincdy different patho- 
physiologic mechanisms. For this reason, we sought to 
careftdly define the subtype of preeclampsia to be studied 
and restrict our study to the subtype responsible for the 
largest proportion of morbidity and mortality. Most 
other published studies have not restricted analysis of 
preeclamptic patients to those with severe disease, al- 
though the study by Tidwell et al^ is a notable exception. 
This group found no difference in second-trimester pla- 
cental growth factor concentrations in women who ulti- 
mately developed severe preeclampsia. However, in con- 
trast to our investigation, the mean gestational age at 
delivery in that study was at term (38.3 weeks). 

We also did not exclude women with preexisting risk 
factors for developing preeclampsia (maternal hyperten- 
sion, renal disease, diabetes, etc), which is commonly 
done in investigations of similar design. One reason for 
excluding these patients was to eliminate potential con- 
founding variables in the diagnosis of preeclampsia 
when such high-risk factors are present. To address this 
concern, we relied on strict, widely accepted clinical 
diagnostic criteria and indications for deUvery,^^'^^ to 
ensure that only patients delivered because of severe 
preeclampsia, rather than other complications relating to 
these preexisting medical conditions, were included. Fur- 
thermore, women already at increased risk for develop- 
ing severe preeclampsia because of certain medical com- 
plications are precisely those who may benefit the most, 
in terms of additional coimseling and possible interven- 
tion, by further defining their risk early in pregnancy. 

Finally, because abnormal placentation can also affect 
fetal growth, the presence of intrauterine growth restric- 
tion was a major concern in this study. A recent study 
published while our investigation was underway found 
decreased levels of maternal placental growth factor 
during first trimester in pregnancies complicated by in- 
trauterine growth restriction, but not in those destined to 
develop preeclampsia.^^ This suggests that the relation- 
ship of growth factors levels with preeclampsia may be 
confounded by the presence of a growth-restricted fetus. 
In our data set, only six cases of preeclampsia were 



accompanied by intrauterine growth restriction, and 
these revealed no significant differences in maternal 
growth factor levels when compared with other cases of 
preeclampsia without intrauterine growth restriction. 
Nonetheless, the sample size of our study does not 
permit us to fiilly assess the possible relationship be- 
tween vascular endothefial growth factor and placental 
growth factor levels patterns and the coexistence of 
intrauterine growth restriction with preeclampsia. 

In conclusion, this case- control study demonstrates 
that a combined analysis of second-trimester maternal 
placental growth factor and vascular endothelial growth 
factor levels is a potentially usefiil tool for identifying 
women at increased risk for the development of severe, 
early-onset preeclampsia. However, this preliminary 
study must be confirmed by a prospective study to assess 
the importance of the disease severity in the process of 
diagnosis and to allow separation of cause from effect. 
Mild preeclampsia and preeclampsia occurring at later 
gestational ages could respond differendy or less specif- 
ically and warrant further investigation. 
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